Objective: The purpose of this review was to evaluate the current body of literature on chiropractic treatment of idiopathic scoliosis against the 2014 consensus paper of the Society on Scoliosis Orthopedic and Rehabilitation Treatment (SOSORT) and the Scoliosis Research Society (SRS) Non-Operative Management Committee for outcome reporting in nonoperative treatments. Methods: A search of the PubMed and Index to Chiropractic Literature databases for studies published from January 2000 through February 2016 detailing specific treatments and outcomes for idiopathic scoliosis was conducted. Results: A total of 27 studies that discussed chiropractic scoliosis treatments were identified. Of these, there were 15 case reports, 10 case series, 1 prospective cohort, and 1 randomized clinical trial. Of the 27 studies, only 2 described their outcomes as recommended in the 2014 SOSORT and SRS Non-Operative Management Committee consensus paper. Conclusion: The 2014 SOSORT and SRS Non-Operative Committee consensus paper details the format and types of outcomes they collectively believe are the most important and relevant to the patient. Among the chiropractic studies located in this review, 2 described outcomes consistent with how SOSORT recommends they be reported. Given that these consensus papers form the basis for nonoperative treatment recommendations and outcome reporting, future chiropractic studies should seek to report their outcomes as recommended by these papers. This will allow for better interprofessional collaboration and methodologic comparison. (J Chiropr Med 2017;16:64-71) 
INTRODUCTION
Idiopathic scoliosis is a condition with a long history of proposed nonoperative treatments. These treatments have varied widely, but often with the common goal of stabilizing or correcting the Cobb angle and/or providing pain relief. 1, 2 Chiropractic medicine first began in the United States as a healing profession in 1895. 3 Chiropractic medicine was originally created under the premise that spinal misalignments, called vertebral subluxations, could adversely affect nearby peripheral nerves and result in downstream organic health disorders. 4 Despite chiropractic medicine's declared focus on the spine and conditions thereof, comparatively little research has been performed on the relationship between chiropractic care and idiopathic scoliosis. Because of the variety of treatment methods employed by doctors of chiropractic, 5 it is difficult to compare the effectiveness of various methods against one another. For example, chiropractic physicians, within their respective scopes of practice, may use spinal manipulation, nutrition, exercises, traction, bracing, or electric stimulation as scoliosis treatment therapies. Although these therapies are common to other health professions as well, it is possible that the results differ when performed by chiropractic physicians. They may also be reported differently than by other health professions. The focus of this article is less on the treatment results specifically, but rather on the manner in which they are reported. Thus, the goal of this review was to identify peer-reviewed chiropractic literature specifically regarding idiopathic scoliosis and compare the reporting of results to that recommended by the 2014 SOSORT and SRS consensus paper 6 and Weiss. 7 This review may provide insight into how future chiropractic studies can use this consensus paper to strengthen outcome reporting and foster interprofessional communication.
METHODS
We searched the PubMed and Index to Chiropractic Literature databases for studies published from January 2000 through February 2016 detailing specific treatments and outcomes for idiopathic scoliosis. We searched using the key words chiropractic AND scoliosis. We avoided other search terms, such as manipulation, bracing, and exercises, because other disciplines also perform these same physiotherapeutic procedures. We wanted to focus only on those studies wherein the procedures administered were either performed or directly supervised by chiropractic physicians. Each of the chiropractic studies we identified was compared with the individual outcome criteria identified. 6, 7 A table was created for each outcome criterion that totaled the number of chiropractic studies identified that satisfied each given criterion. We did not search further back as it is increasingly difficult to obtain full-text articles prior to the year 2000 in electronic format. Additionally, because SOSORT was organized in 2004, studies much earlier than 2000 would not, in all likelihood, report their outcomes in a manner consistent with SOSORT recommendations.
RESULTS
The 2 databases were cross-referenced (78 citations in PubMed and 221 citations in ICL). For this review, the following inclusion criteria were used 1 : full-text studies available, 2 at least one outcome measure reported, 3 study available in English, 4 and no abstracts, redundancies, or studies not reporting specific treatment methods and outcomes. We were left with a total of 27 studies for evaluation that were published between January 2000 and February 2016. These studies were broken down into the following study designs: 15 total case reports, 10 case series, 1 prospective cohort study, and 1 randomized clinical trial. When subcategorizing these studies based on the type of treatment used, we found that 5 studies used chiropractic manipulation only, 15 studies used manipulation plus exercises, 2 studies used exercises only, 3 studies used bracing only (as prescribed and fitted by a chiropractor), and 2 studies used chiropractic manipulation and rigid bracing (orthotist-fitted). According to the 2014 SOSORT and SRS consensus paper, 6 as well as Weiss, 7 specific outcome data were specifically recommended. In summary, here are the main criteria they outlined, which formed the basis for this review 6 9 Therefore, it was appropriate to review the various chiropractic studies relating to scoliosis treatment in relation to these above criteria.
Manipulation Only
A total of 6 studies were identified. Table 1 compares these studies against the recommended outcome criteria. Jaszewski and Sorbara reported on the treatment of a 7-year-old patient with juvenile idiopathic scoliosis. 10 She received manipulation using the Pierce technique on 4 office visits in 1 month, after which a follow-up scoliosis radiograph was taken. It revealed a curve reduction of 13°t o 5°. This case report does indicate a curve correction of at least 6°. However, this patient was only followed for 1 month. Although the authors note that the patient continued treatment for additional symptoms unrelated to the scoliosis, additional Cobb angle measurements are not reported at later follow-ups. Another case report by Khauv and Dickholtz outlined the treatment of a 15-year-old with a 44°scoliosis that decreased to 32°after 5 months of upper cervical manipulation (National Upper Cervical Chiropractic Association [NUCCA]). 11 Although the patient was managed for a total of N4 years, a long-term Cobb angle measurement is not reported. Chung and Salminen reported on a case of a 10-year-old girl with a 35°thoracolumbar scoliosis. 12 She was treated using NUCCA manipulation over a total of 25 weeks. Follow-up radiograph at 25 weeks revealed a Cobb angle reduction of 10°. The authors do not report a baseline Risser stage, nor do they provide a long-term follow-up measurement at skeletal maturity. Chen and Chiu reported the case of another 15-year-old girl with a history of progressive scoliosis whose curve progressed despite a 4-year history of combined physical therapy and bracing treatment with the Milwaukee brace. 13 The patient was treated for 18 months using full spine manipulation, after which a follow-up radiograph revealed a curve correction of 16°. Risser staging is not reported, and it is unknown if the 18-month follow-up radiograph was obtained at skeletal maturity.
A prospective cohort study involving 42 patients was reported by Chen and Lantz.
14 Using full spine manipulation and postural ergonomic training plus heel lifts, they found no change in curve measurements after an average 14-month follow-up. The authors did not provide a breakdown of the entire cohort into curve severity or Risser staging. Therefore, it was difficult to determine, based on the data presented, if this intervention helped to stabilize the majority of curves, or if the treatment was ineffective as the authors concluded.
The key deficit in the manipulation-only subgroup was that none of the studies attempted to follow the patient through skeletal maturity. Although Khauv and Dickholtz followed the patient for 4 years, the patient initiated treatment at age 15, and was likely near the end of skeletal growth if not already there. 11 Therefore, the authors' results would have been significantly strengthened if they had followed her for an additional year. The remainder of the studies did not report outcomes consistent with SOSORT criteria other than Cobb angle changes. 41 
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Bracing Only (as Performed by Chiropractors)
This category of treatment entails the use of some type of orthosis specifically fitted by a chiropractor. In our literature search, we found 3 such studies. One of these studies was a case report by Waldrop et al describing the use of a SpineCor brace in treating a 10-year-old girl for idiopathic scoliosis. 15 Follow-up at 8 months revealed complete resolution of the scoliosis, and a 1-year follow-up indicated maintenance of the correction. The outcomes for this group are summarized in Table 1 .
The 2 other studies were published by Morningstar et al. 16, 17 Both of these were case series studies in adult patients with a history of idiopathic scoliosis. In the first case series, Morningstar identified 62 patients who wore a scoliosis activity suit for 1 year and reviewed their pain and radiographic findings. 16 In this study, the entire cohort was divided into 2 groups: one group with Risser stage b5 and the other N5. In the immature group (b5), 16 of the 26 patients had curve correction N6°, 6 of the 26 remained within 5°of baseline, and 4 patients' curves increased N6°. Adult patients had corrections in 14 of 36 cases; 20 were unchanged, and 2 progressed. These outcomes were observed after 1 year of wearing the suit.
In a second follow-up study, Morningstar et al evaluated the changes recorded in adult patients wearing the scoliosis activity suit for 18 months. 17 Of the entire 53-patient cohort, 79% achieved correction, 17% were unchanged, and 4% progressed.
Although the results of all 3 studies are noteworthy, they do not conform to the SOSORT criteria described herein. Waldrop et al did not follow their patient through skeletal maturity. 15 Morningstar et al did not follow skeletally immature patients through Risser 5, nor did they follow adult patients for the recommended 5 years. 16, 17 
Exercises Only
Two of the studies we found dealt with exercises only for scoliosis treatment. Golembiewski and Catanzaro evaluated the ability of an isometric hip flexor exercise to reduce a lumbar scoliosis in an adult patient. 18 No outcomes were reported in the study beyond a stress radiograph taken while the patient was performing the exercise. Therefore, it is impossible to know if the exercise could provide a lasting correction.
The second study evaluated an isometric exercise station called the ATM2 and its ability to influence scoliosis. This study was a case report reporting on a 55-year-old female patient who underwent treatment with the ATM2 for adhesive capsulitis and calcific tendinitis. 19 Although postural photography revealed improved postural characteristics, the before and after radiographic measurements of the scoliosis were identical. Table 1 summarizes these studies.
Manipulation Plus Bracing
A couple of studies we retrieved reported the results of treatment consisting of spinal manipulation plus rigid bracing. One of the studies, by Rowe et al, was a randomized controlled clinical trial involving 6 patients. 20 This study was methodologically the strongest of any study we retrieved. The patients were randomized into different groups receiving different combinations of therapy. Of the 6 patients, 1 achieved success after 6 months of chiropractic manipulation and rigid bracing. Although the study design was strong, they did not report on the outcomes of these patients at or after skeletal maturity. However, they did report the baseline Risser staging for each patient. Interestingly, 4 of the 6 patients had a baseline Risser of 3 or 4, and yet still progressed despite management. The lone patient who improved began with a Risser 1. Importantly, the goal of this study was not to determine effectiveness of treatment, but rather to investigate the plausibility of the study design and implementation.
In a small case series, Morningstar reported on 4 patients with idiopathic scoliosis who participated in a rehabilitation program while concurrently wearing a rigid brace as well. 21 After 3 months of participating in the combined approach, the average Cobb angle reduction was 13.5°. Of note was that 3 of the 4 patients had baseline curvatures that were greater than the usual standard of care (N60°and N80°), yet still achieved an average correction N6°. This study also reports only 3-month outcomes, which is well below the recommended follow-up time frame. Two of these patients were Risser 1 and 2 at baseline, whereas the other 2 were Risser 4. All should have been followed to Risser 5. These outcomes are summarized in Table 1 .
Manipulation Plus Traction
Two studies reported on results obtained using chiropractic manipulation plus traction methods. One of these was a case report on an 11-year-old female patient with a 22°left thoracolumbar scoliosis. 22 The patient was treated using chiropractic manipulation plus positional traction, with the patient lying left recumbent over a foam roll for a total of 31 visits over 3 months. Posttreatment radiography revealed a curve reduction of 3°.
In a retrospective case series, Stitzel et al published the results of patients using a proprietary traction chair for scoliosis treatment. 23 Results at baseline and 6 months were reported for a total of 15 patients. This paper aimed to examine how apical rotation changes occurring while sitting in the traction chair may affect the curve measurement at 6 months. They found that the Cobb angle was likely to increase in those patients whose apical rotation initially increased during in-chair radiographs or had an initial curve apex above T11. In contrast, their data indicated insignificant Cobb angle decreases in patients whose apical rotation improved in-chair. The data for these 2 studies can be found in Table 1 . Neither of these studies followed patients for the minimum required time interval, nor did they achieve a correction N6°in Cobb angle measurement.
Manipulation Plus Exercises
The most commonly reported treatment approach was the use of chiropractic manipulation combined with exercise-based methods. We found a total of 16 studies using some form of a combined approach. The respective outcome data are reported in Table 1 .
We located 2 case reports and 1 case series in which the Chiropractic BioPhysics (CBP) technique was used. In the case series, 7 patients aged 6 to 17 years were reported, 4 of whom had an average Cobb angle measurement of 16.2°. 24 The average Cobb angle after 3 months of care, including 38 clinical treatments, was 11.6°. This is considered a valid stabilization goal of ±5°according to the previously outlined criteria. However, because Risser or Sanders staging is not reported, it is difficult to place this result in its proper context, aside from the fact that the results are only after 3 months.
Nektalov described the treatment of a 21-year-old woman also using CBP technique. 25 The patient was treated and followed for 3 months, undergoing a total of 36 treatments within that period. Although clinical pain scale scores and radiographic improvements in sagittal spine parameters were reported, posttreatment Cobb angle measurements were not reported.
In the third CBP case report we found, Jones described the results for a 14-year-old girl treated 15 times over 13 weeks. 26 The patient had a baseline Risser 1 and a Cobb angle of 17.2°. Posttreatment radiographs revealed a 13.5°C obb angle, with clinical improvements observed in visual posture analysis. Although a baseline SF-36 was completed, the report does not discuss if any follow-up SF-36s were additionally completed.
A case study by Ray et al described the treatment of a 75-year-old man with a 10°lumbar scoliosis. 27 The patient was treated and followed for 2 years using the Network Spinal Analysis method. The authors reported surface electromyography, paraspinal thermography, and radiographic Cobb angle as the chief outcomes. After 2 years, the Cobb angle was completely resolved. It is unknown from reading this paper if the patient had an adolescent onset of this lumbar scoliosis or if this scoliosis would be more accurately described as an adult degenerative scoliosis. This is certainly plausible given that 68% of adults over the age of 60 are likely to have degenerative lumbar scoliosis. 28 Nonetheless, the magnitude of these results warrants further investigation. This was the only article we could find using this particular technique.
One case report with one of the longest total follow-up times was that by Bowler and Conlen. 29 They outlined the multimodal treatment of a 4-year-old patient with a history of a 25°juvenile idiopathic scoliosis, craniosynostosis, and an Arnold-Chiari type 1 malformation. The patient was treated and followed over a 6-year period using a combination of therapies, including upper cervical chiropractic manipulation, craniosacral therapy, raindrop therapy, and cranial manipulation. Although cases of juvenile idiopathic scoliosis are often progressive and eventually require surgical intervention, 30 the Cobb angle in this patient remained unchanged (25°at baseline compared with 23°at age 10). However, follow-up should still be continued on this patient through skeletal maturity to assess end-of-growth results.
Chiropractic manipulation has also been combined with Pilates in a report by Blum describing the treatment of a 39-year-old woman with a history of spinal fusion surgery for adolescent idiopathic scoliosis. 31 The patient received chiropractic manipulation using the sacro-occipital technique for N1 year, and was also referred to a Pilates studio where she worked out for N1 year as well. The chief outcomes of the report were the decreased amount of chiropractic treatments needed a year later and the patient's ability to pick up her son again. Although pain and functional outcomes are important parts of any nonsurgical treatment plan, they do not provide the complete picture as to whether or not the Cobb angle can be reduced by the given therapy. To be sure, Cobb angle changes are difficult in a postfusion patient such as this one. However, the patient was not followed for the requisite time, as Weiss 7 suggested. In 2004, Morningstar et al published a case series using a multimodal therapy in 22 patients aged 15-65. 32 The average Cobb angle correction was 17°for the entire cohort. The lowest correction was 8°, or 100% of the cohort achieved scoliosis correction. However, the follow-up period was only 6 weeks, vastly short of the recommended 5 years for skeletally mature patients. Morningstar and Joy applied this same multimodal treatment to 3 patients with unique scoliosis presentations: 1 patient was status post-Harrington instrumentation, 1 patient had a concomitant Scheuermann's kyphosis, and the third patient had a left thoracic scoliosis. 33 In all 3 cases, the minimum correction was 8°, and clinical improvements in pain and functional status were achieved for all patients. Again, however, the longest follow-up was only 24 weeks. This is well below the recommended 5 years. Morningstar and Strauchman used the same multimodal treatment in conjunction with manipulation under anesthesia for a 59-year-old woman with adult degenerative scoliosis. 34 The rehabilitative therapies were applied for 8 weeks after the manipulation under anesthesia. Clinical improvements in pain and disability were achieved. These improvements were maintained at 6 months. In a description of a case lasting 4 weeks, Morningstar et al outlined the use of these same therapies in a 20-year-old woman with a 35°right thoracic scoliosis and reported a correction of 15°. 35 At 3 years after treatment, a follow-up radiographic study revealed continued improvement of 18°. 36 Another case series by Morningstar looked at the results of a multimodal chiropractic rehabilitation treatment in adult patients. 37 After a 2-year follow-up, the average Cobb angle correction was about 9°across 28 total patients. Similarly, a 14-year-old girl with thoracic and lumbar curves of 24°a nd 17°, respectively, was treated using the aforementioned multimodal chiropractic rehabilitation treatment. After 4 years of follow-up and continued home care, the patient's curves measured 12°in the thoracic spine and 4°in the lumbar spine. 38 Dovorany et al published a case report on a set of identical twins who both had a thoracolumbar scoliosis. 39 The patients participated in a short 2-week trial of chiropractic rehabilitation and then continued to perform a set of prescribed exercises. At follow-up 2 years after skeletal maturity, their curves were corrected from 47°to 26°(patient A) and 37°to 22°(patient B). Both patients had been scheduled for spinal fusion surgery prior to initiation of the described treatment.
In a case-controlled series, Morningstar et al looked at multimodal chiropractic rehabilitation with the added dimension of neurotransmitter supplementation. 40 Those patients taking the neurotransmitter supplementation achieved better Cobb angle corrections at 6 months compared with those who opted against neurotransmitter treatment.
Finally, one case report described the physical therapy of a 9-year-old patient with a double major scoliosis pattern measuring 18°and 24°who was treated and followed for 6 months. At that time, both curves measured 11°. 41 The treatment rendered was a combination of spinal manipulation and exercises as administered by a physical therapist. They also reported improvements in the SRS-22 as well as the Bad Sobernheim Stress Questionnaire and Brace Questionnaire.
DISCUSSION
Despite the case reports and case series cited above, only 2 reported outcomes consistent with consensus criteria. In both studies, 41, 42 skeletally immature patients were followed through skeletal maturity and at least 2 years thereafter. There were no studies that followed adult patients for the recommended 5 years. Many of these studies, regardless of the specific modalities employed, were able to document specific quality-of-life improvements, such as pain. Given that pain is among the chief reasons adults with scoliosis seek treatment, 42 many of these treatment regimens may hold value even when they cannot produce radiographic curve changes.
Many of the studies are case reports or case series with 2 or 3 cases. In these instances, although the posttreatment Cobb angle was reported, it would not be appropriate to calculate the percentage of cases who saw improvement, stabilization, or progression. However, it is important that future chiropractic studies seek to align the reported Cobb angle differences in terms of these categories (percentage of cases that improved N6°, percentage that remained ±5°from baseline, and those that progressed N6°). For example, Chen and Lantz interpreted a value of ±4°as unchanged.
14 By current criteria this would instead need to be ±5°. In singular case reports, where it is impossible to calculate these percentages, authors should still report their Cobb angle changes. However, they should define these changes within the aforementioned metrics recommended by SOSORT/SRS.
In looking at the data in general, few studies included baseline Risser staging, although some studies stated that these data were, in fact, collected. Given that fact that scoliosis progression differs significantly at various Risser stages, 43 it is important that future chiropractic studies report the initial Risser stage, as well as the stage at which treatment was discontinued. For example, a Cobb angle that remained unchanged from Risser 0 to Risser 3 may have been more significant than a 6°curve correction during Risser 4.
The quality of chiropractic research for scoliosis treatment is low. Among all of the studies reviewed here, only one had a randomized clinical trial design 20 ; another was a times series cohort. 14 The remaining studies were case series or case reports. Although they are valuable, they are not enough to produce reliable treatment guidelines within the chiropractic profession. This is likely why the Council on Chiropractic Guidelines and Practice Parameters Guidelines essentially mirror the SOSORT consensus paper for idiopathic scoliosis. Higher-quality studies need to be produced. Additionally, only 2 of the studies reviewed followed patients for the minimum recommended time. Therefore, future chiropractic studies on scoliosis treatment should seek to follow immature patients through Risser 5 and to follow adult patients for a minimum of 5 years after treatment initiation. We encourage any and all future chiropractic authors to use the SOSORT criteria to report their treatment outcomes. This will only serve to elevate the level of quality of scoliosis-related research within the chiropractic profession.
Limitations
Although unlikely, because the original version of the SOSORT consensus paper was published in 2005, articles on chiropractic scoliosis treatment published prior to January of 2000 may have reported their results consistent with the SOSORT criteria. We also limited our search terms. A more expanded set of key search terms may have yielded more results to review. Finally, this is not a qualitative review. Therefore, this article does not speak to the quality or strength of any of the articles reviewed herein. Our main purpose was to evaluate the extent to which currently published chiropractic authors have published their results in a manner recommended by SOSORT.
It is important to note that the 2014 SOSORT and SRS consensus paper was published in 2015, after the vast majority of these reviewed chiropractic studies were published.
CONCLUSION
The majority of chiropractic studies published after publication of the initial SOSORT/SRS consensus paper for the treatment of idiopathic scoliosis did not report their outcomes as recommended by SOSORT/SRS consensus criteria. These criteria may provide future authors with a template with which to analyze and report future chiropractic treatment data specifically regarding idiopathic scoliosis.
The collective body of chiropractic research related to scoliosis treatment is of low quality by study design. Higher-quality research designs, combined with reporting of outcomes as recommended by SOSORT/SRS criteria, will aid in the future development of chiropractic treatment guidelines for the management of scoliosis.
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